ONLINE SUPPORTING MATERIAL FOR EXPANDED MATERIALS AND METHODS
Preparation of detergent-skinned cardiac muscle fibers: Mice were deeply anesthetized using isoflurane (1-3). Hearts were then quickly excised and transferred into an ice-cold highrelaxing (HR) solution containing the following: (in mM): 20 2, 3-butanedione monoxime (BDM), 50 N, N-bis (2-hydroxyethyl)-2-amino-ethane-sulfonic acid (BES), 20 EGTA, 6 .29 MgCl 2 , 6.09 Na 2 ATP, 30.83 potassium propionate, 10 sodium azide, 1.0 DTT, and 4 benzamidine-HCl. The pH of the HR solution was adjusted to 7.0 with KOH. A fresh cocktail of protease inhibitors (5 μM bestatin, 2 μM E-64, 10 μM leupeptin, 1 μM pepstatin, and 200 μM PMSF) was added to the HR solution. Papillary muscle bundles were extracted from the left ventricles and further dissected into smaller bundles of ~0.15 mm in width and 2.0 mm in length. Muscle fibers were detergent-skinned overnight at 4°C in HR solution that also contained 1% triton X-100.
Reconstitution of recombinant mouse cardiac troponin (Tn) subunits into detergentskinned mouse cardiac muscle fibers: cmyc-tagged wild-type (WT) mouse cardiac TnT (TnT WT ) was used as the control so that the extent of incorporation of TnT WT , TnT 1-44Δ and TnT 45-74Δ could easily be distinguished from the endogenous TnT. Previous studies have shown that the use of an 11 amino acid cmyc tag at the N-terminus of TnT does not affect normal cardiac function (4, 5) . The cmyc-tag was used only for TnT WT , but not for TnT 1-44Δ or TnT 45-74Δ proteins. The substitution of the endogenous Tn in detergent-skinned cardiac muscle fibers was carried out as described previously (1, 2). In brief, we first prepared a pre-extraction solution containing TnT-TnI by dissolving TnT WT The pre-extraction solution was extensively dialyzed (at 4°C) against the final-extraction buffer that contained 50 mM BES (pH 7.0 at 20°C), 180 mM KCl, 10 mM BDM, 5mM EGTA, 6.27 mM MgCl 2 , 1.0 mM DTT, 4 mM benzamidine-HCl, 0.2 mM PMSF, and 0.01% NaN 3 .
After extensive dialysis, 6.13 mM Na 2 ATP and a cocktail of protease inhibitors (5 M Bestatin, 2 M E-64, 10 M Leupeptin, 1 M Pepstatin and 1 mM DTT) were added to the finalextraction solution. Detergent-skinned muscle fibers were incubated with the final-extraction buffer for approximately 3 h at 20ºC with gentle stirring. Muscle fibers were then incubated with TnC (3.0 mg/ml, W/V) overnight at 4°C.
SDS-PAGE and Western blot analysis of reconstituted muscle fibers:
For SDS-PAGE analysis, reconstituted muscle fibers were solubilized using 2% SDS solution (10 µl/fiber), as described previously (6) . SDS-solubilized fibers were mixed with an equal volume of gelloading dye that contained 125 mM Tris-HCl (pH 6.8), 20% glycerol, 2% SDS, 0.01% bromophenol blue, and 50 mM β-mercaptoethanol. Equal quantities of protein (~2 µg of total protein) were loaded and separated using SDS-PAGE (4% acrylamide stacking gel and 10% acrylamide separating gel). Proteins were transferred onto a PVDF membrane by using a TransBlot Turbo Transfer System (Bio-Rad Laboratories Inc., Hercules, CA). The incorporation of TnT WT , TnT 1-44Δ , and TnT 45-74Δ was assessed using a monoclonal anti-TnT primary antibody (Sigma-Aldrich, ST Louis, MO; clone JLT-12), followed by a HRP-labeled anti-mouse secondary antibody (Amersham Biosciences, Pittsburgh, PA). Densitometry analysis of protein bands in the Western blots was performed using the Image J software (acquired from NIH at: http://rsbweb.nih.gov/ij/). SDS-solubilized fiber proteins were separated on a 10% SDS-gel and then transferred to a PVDF membrane for Western blot analysis. Optical intensities of the protein bands were quantified using the Image J software. The total optical band intensity (i.e., the total amount of TnT in a single lane) was assumed to be the sum of the optical band intensities of the endogenous native TnT and reconstituted TnT variants (TnT WT or TnT 1-44Δ or TnT 45-74Δ ). The extent of incorporation was estimated by dividing the optical band intensity of the exogenously added TnT with the total band intensity. This procedure enabled us to estimate the exact levels of incorporation of various proteins in muscle fibers.
Simultaneous measurement of steady-state isometric force and ATPase activity:
The muscle fiber was attached between a motor arm (322C, Aurora Scientific Inc., Aurora, Ontario, Canada) and a force transducer (AE 801, Sensor One Technologies Corp., Sausalito, CA) using T-shaped aluminum clips. The sarcomere length (SL) of the muscle fiber was set to 2.3 µm under relaxing conditions (pCa 9.0; pCa = -log of [Ca 2+ ] free ) using a laser light diffraction pattern (1, 7). The muscle fiber was subjected to two cycles of maximal activation and relaxation and the SL was readjusted to 2.3 µm if needed. The muscle fiber was immersed in a constantlystirred chamber containing Ca 2+ solutions of concentrations ranging from pCa 4.3 to 9.0. The composition of various pCa solutions was calculated using methods described previously (8) . Maximally-activating Ca 2+ activation solution (pCa 4.3) contained the following: (in mM) 31 potassium propionate, 5.95 Na 2 ATP, 6.61 MgCl 2 , 10 EGTA, 10.11 CaCl 2 , 50 BES, 5 sodium azide, and 10 phosphoenol pyruvate (PEP). Relaxing solution (pCa 9.0) contained the following: (in mM) 51.14 potassium propionate, 5.83 Na 2 ATP, 6.87 MgCl 2 , 10 EGTA, 0.024 CaCl 2 , 50 BES, 5 NaN 3 , and 10 PEP. The activation and relaxing solutions also contained 0.5 mg/ml pyruvate kinase (500 U/mg), 0.05 mg/ml lactate dehydrogenase (870 U/mg), 20 µM diadenosine pentaphosphate, 10 µM oligomycin, and a cocktail of protease inhibitors. The pH of the Ca 2+ solutions was adjusted to 7.0 using KOH and the ionic strength was 180 mM. Steady-state isometric force was digitally recorded on a computer. Steady-state isometric ATPase activity was measured based on an enzyme-linked assay as described earlier (1, 9). In brief, near-UV light was projected through a window in the activation chamber, and the emergent beam was split for light intensity detection at 340 nm and 410 nm wavelengths. Light intensity of the emergent beam at 340 nm is sensitive to [NADH] , which served as an ATPase-dependent signal. Light intensity at 410 nm is insensitive to changes in [NADH] , which served as a reference signal. Light intensity was processed through an analog divider and a log amplifier to produce a signal proportional to the rate at which ATP was consumed by the muscle fiber.
